INTRODUCTION
The influenza A virus particle contains three principal virus-coded antigens. The type-specific ribonucleoprotein antigen is localized internally in the virus particle and is common to influenza A viruses whether of human, porcine, avian or equine origin. The subtype-specific virus antigens, haemagglutinin and neuraminidase are present in the outer envelope of the virus particle and are themselves immunologically distinct entities (Webster & Laver, 1967; Seto & Rott, 1966 ) . In previous studies (Styk & Hana, 1966; Hana & Hoyle, 1966 ) immunodiffusion techniques applied to influenza A viruses disrupted by deoxycholate or ether have shown multiple precipitin lines probably corresponding to the S antigen of the virus. These studies did not, however, permit the detection of virus neuraminidase or haemagglutinin. In the present report we describe the characterization of the S antigen of influenza A viruses and of the neuraminidase of influenza A2 by immunodiffusion and immunoelectrophoresis using purified and concentrated viruses disrupted by treatment with sodium dodecyl sulphate. In addition, the effects of a number of other virus-disrupting agents on the detection of viral antigens by immunodiffusion were compared with that of sodium dodecyl sulphate.
Virus strains. Influenza strains A I/FM I, A2/SINGAPORE/I/5 7, A2/ENGLAND/I2/64, A2/EtqGLAND/76/66 and B/~GLAND/5/66 were from the stocks of this laboratory. Fowl plague virus (FPV) was the 'DtrrcH' strain. AO/BEL and recombinant strain X7(FI) were virus strains kindly provided by Drs W. G. Laver and R. G. Webster of the John Curtin School of Medical Research, Canberra, Australia. FPV-A2(R 4) was a recombinant virus strain previously described by Tumova & Pereira (I 965) . The recombinant viruses X7(FI) and FPV-A2 (R4) were selected because they contain neuraminidase derived from an influenza A2 parent strain. FPV-A2 (g 4) is a recombinant of FPV and A2/SINGAPORE/I/57 and contains haemagglutininin derived from FPV and neuraminidase of the A2 parent (B. C. Easterday, W. G. Laver, H. G. Pereira & G. C. Schild, unpublished observations). X7(FI) is a recombinant of influenza Ao/lqws and A2/57, gI5-; it contains haemagglutinin derived from Nws and neuraminidase derived from the A2/57 parents (Laver & Kilbourne, I966) .
Virus purification and concentration. Viruses were inoculated into the allantoic cavity of Io-day-old chick embryos. The allantoic fluids were harvested I to 3 days after infection and the virus purified by adsorption to and elution from fowl erythrocytes followed by differential centrifugation and one or two cycles of sedimentation through a linear sucrose gradient as described by Laver & Kilbourne (I966) . The final yield of purified virus from batches of lOO embryos was suspended in o'5ml, of saline and sodium azide (o. 1%) was added to prevent microbial growth. The preparations were stored at 4 °. The total protein concentration (Lowry et al. 195I) and haemagglutinin titre with fowl erythrocytes was measured for the virus concentrates. For all concentrates the protein concentration fell within the range 2"5 to 8 mg./ml, and the haemagglutinin titres between I5O,ooo and 5o0,0o0 haemagglutinin units/ml. ,4ntisera. For detection of S antigen of influenza a rabbit antiserum to influenza AO/MEL was used. The rabbit was immunized intramuscularly with three doses at weekly intervals of I ml. volumes in Freund's incomplete adjuvant Of MEL virus treated with sodium deoxycholate (o-25 % aqueous solution). One week later o'5 ml. of virus treated with deoxycholate was given intramuscularly and the rabbit was bled I2 days later. The antiserum had a titre of I : 320 in complement fixation tests with an S antigen preparation of influenza A virus. Its haemagglutination-inhibition titre was low (I/20) and no antibody for influenza Ao neuraminidase could be detected in neuraminidase inhibition tests. A rabbit antiserum prepared against purified influenza A2/57 neuraminidase was used for detection of the A2 neuraminidase antigen. The preparation of this serum was described by Webster & Laver (1967) ; it had a neuraminidaseinhibition titre of 1/3OOO for influenza A2/SINGAPORE/I/5 7 neuraminidase. It lacked haemagglutination-inhibiting capacity for influenza A2 virus. Antisera to influenza virus V antigens were prepared in guinea pigs (Lief & Henle, 1959) or in rabbits as described by Webster & Laver (1967) .
Haemagglutinin estimations. Influenza virus haemagglutinin estimations and the measurement of haemagglutination-inhibiting antibody in serum specimens were made by standard methods (WHO Expert Committee on Influenza, 1953) .
Neuraminidase estimations. The estimation of the neuraminidase activity of virus preparations and the measurement of neuraminidase-inhibiting antibody in serum specimens were described by Laver & Kilbourne (1966) .
Immunodiffusion. The micro-immunodiffusion technique used throughout the studies was described by Crowle (1958) as were the techniques for the staining of the precipitin lines. The influenza viruses were treated with an equal volume of 1% sodium dodecyl sulphate before application of IO#1. volumes to the wells of the immunodiffusion system. Ten #1. volumes of the appropriate undiluted antisera were used per well. After adding the antisera and viruses the gel-diffusion slides were incubated for 16 to 18 hr at 20 ° before washing and staining.
Immunoelectrophoresis. The techniques for electrophoretic separation on cellulose acetate strips of influenza virus treated with sodium dodecyl sulphate, the subsequent localization of bands of virus antigen by staining and the identification of the neuraminidase-containing band by its enzymic activity using fetuin as substrate were described in detail by Laver (1964) and Laver & Kilbourne (1966) . For immunoelectrophoresis narrow sections (0"5 cm. by 7 cm.) were cut from cellulose acetate strips containing bands of electrophoretically separated influenza virus. These sections were cut longitudinally from the central portion of the strips so as to contain part of each virus antigen band. They were immediately placed on the surface of microscope slides covered with a thin (0"05 cm.) layer of ion agar no. 2 (Oxoid Ltd, London). Narrow strips of filter paper moistened with the appropriate antisera were then placed on the agar surface on each side of the cellulose acetate section so that their edges were parallel to and 0.2 cm. from the edges of the cellulose acetate strip. The slides were then placed in a moist chamber for 16 to 18 hr to allow the development of precipitin lines. The paper and cellulose acetate strips were then removed from the agar surface and the slides were washed and the precipitin lines stained (Crowle, 1958) . A section of the cellulose acetate strip, cut next to that used for immunoelectrophoresis, was examined for the position of the bands of influenza virus antigens by staining with procion brilliant blue (Laver, 1964) . On another section the position of the influenza virus neuraminidase was localized by testing the enzymic activity of eluates from pieces of cellulose acetate cut along the section.
RESULTS

Immunodiffusion
The anti-M~L-S rabbit antiserum was tested against a number of influenza A virus strains disrupted by sodium dodecyl sulphate including examples of Ao, A I and A2 viruses of human origin and an avian influenza A virus (FPV). All the influenza A virus strains tested gave a well-defined precipitin line and when the various virus strains were placed in adjacent wells this line was continuous (PI. I a), indicating the identity of the S antigen contained in the different influenza A viruses. No precipitin line was detected with pre-immunization rabbit serum. In addition, the anti-MEL-S antiserum gave no precipitin line with normal allantoic fluid or with B/ENGLAND/5/66 virus treated with sodium dodecyl sulphate although the influenza B virus gave a line when tested with antiserum to influenza B-S antigen (P1. I b). The virus strains which gave precipitin lines with the anti-MEL-S antiserum were AO/BEL, AO/NWS, A1/FM1, A2/SlNGAPORE/I/57, A2/ENGLAND/I2/64, A2/ENGLAND/76/66, FPV and the two recombinant viruses FPV-A2(R4) and X7(FI). With all influenza A strains except BEE this precipitin line was demonstrated in all tests. With BEE the appearance of the line was variable. A possible explanation of this finding is that BEL virus is relatively resistant to disruption by sodium dodecyl sulphate.
The rabbit antiserum against purified influenza A2/57 neuraminidase was similarly tested against the collection of influenza A virus strains. The serum produced strong precipitin lines with the A2 viruses tested (A2/SINGAPORE/I/57, A2/ENGLAND/12/64 and A2/ENCLAND/76/66) but not with influenza AO/BEL, AO/NWS, AI/EMI or influenza B virus (P1. 2a). In most tests these lines appeared to be composed of two separate components in close proximity. The two recombinant viruses FPV-A2(R4) and X 7 (F 1) also gave strong precipitin lines with anti-A 2/57 neuraminidase antiserum and these lines showed a reaction of identity with those produced by A2/SINGAPORE/ 1/57 (P1. 2b). With some batches of purified FPV virus faint precipitin lines were produced with the anti-A2 neuraminidase antiserum but further investigations into the identity of this line indicated that its origin was probably a reaction with a chick 'host component' antigen in the FPV preparations. This was indicated by the production of a similar line with normal allantoic fluids. The other viruses used did not appear to give this 'host component' reaction.
When a mixture of anti-MEL-S and anti-A 2/57 neuraminidase antisera was placed in the centre well of the immunodiffusion slide, well-separated precipitin lines corresponding to S antigen and neuraminidase developed with influenza A 2 viruses (P1. 3 a). In this and all subsequent tests the precipitin line corresponding to S-antigen was nearer the well containing virus and the A2 neuraminidase line was nearer the well containing antiserum.
In attempts to demonstrate a precipitin line corresponding to influenza A2 haemagglutinin anti-V guinea-pig antisera and sera from rabbits hyperimmunized with V antigen preparation of A2/SINGAPORE/I/57 and A2/ENGLAND/I2/64 viruses were used. These antisera had high haemagglutinin-inhibiting titres (> I/64o) with the homologous A2 virus. However, they failed to give precipitin lines with the A2 virus strains which could not be identified as corresponding to influenza A-S antigen or A 2 neuraminidase.
Acute and convalescent sera from individuals with serologically confirmed influenza A2 infections during the 1967/68 influenza A2 epidemic were tested with A2/ENGLAND/ 12/64 virus treated with sodium dodecyl sulphate. The acquisition of antibody during infection was indicated by the detection of precipitin lines in the convalescent serum which were not found in the acute serum. The identity of the lines was established by their continuity with lines given by anti-iEL-S and anti-A2/57 neuraminidase rabbit antisera placed in adjacent wells. Plate 3 b shows the results obtained with a serum pair in which the acute specimen gave no precipitin lines whilst the convalescent serum gave precipitin lines corresponding to S-antigen and neuraminidase. Immunodiffusion was compared with complement-fixation and neuraminidase-inhibition tests for the detection of influenzal antibodies. Immunodiffusion was relatively insensitive in detecting antibody after human influenza A2 infections (Table i) corresponding to those produced by the rabbit antisera for S-antigen and A2 neuraminidase provided further evidence of the virus-specific nature of precipitin reactions given by the rabbit antisera. 
Immunoelectrophoretic characterization of influenza A-S and A 2 neuraminidase
When influenza virus A2/ENGLANO/76/66 was treated with sodium dodecyl sulphate and separated on cellulose acetate strips by electrophoresis (I hr, I5o v) the stained strips showed three major protein bands (P1. 4a). Attempts were made to identify these bands with influenza A-S and A2 neuraminidase antigens by testing unstained strips with anti-MEL-S and anti-A2/57 neuraminidase antisera. In P1. 4a is shown the immunoelectrophoretic pattern produced by these antisera together with a stained section of the same strip. The position of the band nearest to the virus origin (band A) correlated well with the position of maximal enzymic activity detected in fractions cut from another section of the strip. The position of the precipitin line produced by anti-A2/57 neuraminidase antiserum also correlated with the position of band A. However, neither band A nor B appeared to contain an antigen reacting with the MEL-S antiserum. The position of band C correlated well with a precipitin line produced by the MEL-S antiserum and band C could thus be identified as containing S antigen. In similar studies with antisera containing high titres of haemagglutination-inhibiting antibody for influenza A 2 virus no precipitin lines were detected with electrophoretically separated A2 virus. This was expected since no line corresponding to virus haemagglutinin was detected by simple immunodiffusion.
Similar immunoelectrophoretic studies were made with the recombinant virus FPV-A2(R4). This virus, like A2/ENGLANO/76/66, produced three major antigen bands on electrophoresis. The position of band A corresponded with a precipitin line produced with anti-A2/57 neuraminidase whilst the position of band C corresponded with the precipitin line given with anti-S antiserum. These findings provided further evidence that this recombinant contains influenza A2 neuraminidase. With FPV, only MEL-S antiserum produced a precipitin line and this corresponded to band C. Haemagglutination-inhibition titre of anti-V rabbit serum 1/256o. § A non-ionic detergent kindly provided by Shell Chemical Co., London.
Effects of various virus'disrupting agents
A2/ENGLAND/I2/6 4 virus was treated with various compounds and also heated at 560 for 5 rain. before adding to the wells of an immunodiffusion slide. The treated virus was tested with anti-MEL-S rabbit antiserum, anti-A2/57 neuraminidase rabbit antiserum and also with an anti-V rabbit serum. The number and positions of the precipitin lines developing after I6 to I8 hr incubation at 2o ° were noted ( Immunodiffusion studies with influenza viruses 36I neuraminidase antigens were formed but these were diffuse. Virus treated with other compounds gave only one line which corresponded to S antigen but no line corresponding to neuraminidase were detected in the absence of an S-antigen line. Heating the virus at 560 for 5 min. released S antigen. Only with 'Nonidet P4o' was a precipitin line produced by the anti-V antiserum in addition to those corresponding to S antigen and neuraminidase. This third line possibly corresponded to the haemagglutinin antigen; however, this finding requires confirmation. With untreated virus no precipitin lines were detected, indicating the failure of the intact virus particles to diffuse through the agar.
DISCUSSION
The immunodiffusion studies with anti-~L-S antiserum revealed a single well-defined precipitin line which was continuous for the various detergent treated influenza A strains used in the studies. This finding confirmed the presence of an identical S antigen in the Ao, AI and A2 subtypes of human influenza A and in an avian influenza A virus and also indicated the S antigen is composed of a single antigenic component. Previous studies (Styk & Hana, I966; Hana & Hoyle, I966) with influenza A viruses disrupted by sodium deoxycholate provided similar evidence for an identical S antigen for the various influenza A subtypes; these workers, however, detected four or more separate precipitin lines and suggested the existence in the S antigen of several antigenitally distinct components. These different findings probably reflect the use of different virus-disrupting agents. Our finding by immunoelectrophoresis that the virus antigen band moving fastest towards the anode (band C) on cellulose acetate strips was the S antigen provides immunological support for Laver (I964), who showed biochemically that the fast-moving band in the cellulose acetate electrophoresis of influenza viruses treated with sodium dodecyl sulphate contained the S antigen.
Additional evidence of the relationship of the precipitin lines obtained with the anti-neuraminidase rabbit serum was provided by the use of the recombinant virus strains X 7(F 0, which contains A 2 neuraminidase and NWS haemagglutinin (Laver & Kilbourne, I966) , and FPV-A2(R4) which contains A2 neuraminidase and FPV haemagglutinin (B. C. Easterday, W. G. Laver, H. G. Pereira and G. C. Schild, unpublished observation). These strains gave precipitin fines which were continuous with lines obtained with A2 viruses, indicating that the precipitin reaction was independent of A2 virus haemagglutinin. Furthermore, a direct relationship of the precipitin line with neuraminidase was shown by the immunoelectrophoresis studies with influenza A2/ENGLA~'~D/76/66 virus. In these studies the position of the precipitin line produced by the anti-neuraminidase antiserum on the immunoelectrophoresis slide correlated well with the position of band A, the slowest moving band, after the electrophoretic separation of the sodium dodecyl sulphate treated A 2 virus. This band contained the enzymic activity of the virus.
In most immunodiffusion tests the precipitin line corresponding to A 2 neuraminidase appeared to consist of two separate lines arranged in close proximity. The significance of this finding is uncertain. A possible explanation is that influenza A 2 neuraminidase may exist in the virus particle as two distinct antigens; alternatively the action of sodium dodecyl sulphate may break down the neuraminidase molecule into two separate components each capable of reacting with antiserum. It is of interest that Haukenes & Gitay (I968) have shown that I9 S and 7 S antibodies in rabbit antiserum may cause the serum to produce two precipitin lines on reacting with a single antigen. In this case the antibody was directed against the host component of influenza virus. A similar situation may exist for the anti-neuraminidase rabbit serum.
With influenza A2 virus treated with sodium dodecyl sulphate no precipitin line corresponding to haemagglutinin could be detected by immunodiffusion or immunoelectrophoresis although rabbit antisera with high titres of haemagglutinationinhibiting antibody were used in the tests. Laver (I964) showed that the haemagglutinin of some influenza viruses is degraded by treatment with sodium dodecyl sulphate, so that haemagglutination of erythrocytes can no longer be detected. The loss of haemagglutinating capacity after treatment with sodium dodecyl sulphate was confirmed with the A2 virus strains used in the present study (Schild, unpublished observation) . Thus it may be suggested that in the presence of sodium dodecyl sulphate haemagglutinin was broken down into structures incapable of reacting with antiserum. However, using virus treated with 'Nonidet P4o' a precipitin line was obtained with anti-V rabbit serum in addition to that corresponding to neuraminidase and S antigen. The identity of this line with A2 haemagglutinin requires confirmation with antiserum prepared against purified viral haemagglutinin. Ether (Hoyle, I952) and sodium deoxycholate (Laver, I963) are known not to destroy the haemagglutinating capacity of influenza A2 viruses but virus treated with these compounds produced poorly defined precipitin lines corresponding only to S antigen and neuraminidase. With these compounds the disruption of haemagglutinin is probably incomplete and the resulting structures too large to diffuse through agar.
The immunodiffusion and immunoelectrophoretic techniques described may be usefully employed in the identification of influenza antigens. Such techniques could be adapted for the rapid antigenic analysis of recombinant strains of influenza virus. However, for influenza A2 viruses their application is restricted to the demonstration of the type-specific ribonucleoprotein antigen and neuraminidase.
